INTRODUCTION
Type 1 diabetes (T1D) is an autoimmune disease that necessitates lifelong insulin replacement therapy. Effective self-management of T1D has evolved to require patients to have an ability to formulate algorithms for insulin replacement dependent upon a complex array of interactive physiological parameters [1] . These parameters include consideration for dietary carbohydrate content and metabolism [2] [3] [4] [5] , personal glycemic patterns [6, 7] , and adjustment for situations such as exercise or sick days [8] .
Although tight glycemic control has been shown to delay or prevent the onset of diabetes-related micro-vascular and macrovascular complications [9] [10] [11] [12] , the complexity of self-management has meant that the majority of people with T1D fail to maintain recommended levels of glycemic control [13] [14] [15] . Thus, the long-term prognosis for a person with T1D remains poor [16] .
Diabetes education is a complex clinical
intervention that provides the person with the knowledge and skills needed to perform diabetes self-care and make lifestyle changes to successfully manage the disease [17, 18] . As it has been estimated that 95% of diabetes care is self-management [19] , clinician-led diabetes education is a fundamental component of assistance for people with T1D [20] . Clinical guidelines for the management of T1D recommend that diabetes education be provided to the patient by the diabetes health care team at diagnosis and at regular intervals throughout the patient journey [21] [22] [23] .
Traditionally clinicians, who may include endocrinologists, diabetes educators (accredited diabetes nurse specialists), dietitians, or general practitioners (GP), have delivered diabetes education in a one-on-one situation with the patient. Evidence suggests that such education may be unstructured and provide inadequate knowledge to promote effective self-management [24] . National diabetes educator accreditation has been implemented in many countries to maintain higher standards of diabetes education [25] [26] [27] [28] [29] .
However, there remains limited understanding of factors that may act as barriers or enablers to effective self-management knowledge translation [18, 30] .
As health systems move toward more patient-centered systems of care, the pedagogy of diabetes education has developed to emphasize patient autonomy and consideration for patient lifestyle preferences [31, 32] . Research has supported this transformation [33] [34] [35] . A recent development has been the move to conduct structured group diabetes education courses [1, 18] . A theoretical basis in Social Learning Theory, which emphasizes skills attainment through observation, imitation, and modeling, has driven this development [36] . One internationally prominent course is the Dose Adjustment for Normal Eating (DAFNE)
program [37] available in the United Kingdom, Ireland, Australia, Singapore, and Kuwait [1, 13, 37, 38] . The course evolved from the German Structured Teaching and Treatment Programme [39] . Within those countries that have adopted the DAFNE course there are no published data available that quantify the uptake of the program by suitable participants. It is now suggested that graduates of the DAFNE course would benefit from individualized follow up from suitably trained clinicians on an 'as needs'
basis [40] . Such follow-up recommendations coincide with the American Diabetes
Educators Association position statement call for diabetes education to be more 'individualized' [41] .
In order to implement diabetes education that is tailored to the individual, clinicians need to identify issues that people with T1D perceive as enablers or barriers for effective diabetes education. Yet there are few studies that seek to understand, from the patient's perspective, the factors that impact on this process. Whilst the DAFNE group has undertaken qualitative research with the graduates of that course [42] , there are no peer-reviewed published data on the perspectives of adults with T1D that have not undertaken specific structured education programs. This study seeks to address the research gap.
Young adults with T1D are of particular interest as they are recognized as being more technologically experienced [43, 44] , but have high attrition rates from diabetes health services [45, 46] and suffer worse health outcomes [45] .
In order to attract young adults to take up recommended health services, there is a strong imperative to make those services more patientcentered; that is that the services meet the patients' needs and preferences. This study aims to identify the aspects of diabetes education that young adults consider could be more comprehensively addressed, thereby enhancing their autonomy and confidence in diabetes self-management. We set out to determine young adult's perceptions and experiences of clinician-led diabetes education and to identify other ways in which they gained knowledge to manage their diabetes.
METHODS

Study Population
The study population was a sample of obtained from all patients for being included in the study.
Study Design
The study design involved a mixed methods approach to survey and sought the perspectives of a defined population.
Survey
The quantitative component of the study consisted of a web-based, self-reported, cross- Participants were asked to nominate from whom they received their initial diabetes education. They were asked to rate, using a seven point Likert scale, whether they had been adequately educated on nominated aspects of diabetes self-management, whether they were confident to manage those aspects of their diabetes care, and whether they sourced more diabetes education themselves than their health team provided. Participants were asked to nominate the sources that they referred to for further diabetes education.
Focus Groups
To expand on the results of the survey, participants were invited by email to attend focus groups. This method was chosen as focus groups can promote participants' interactions in ways that may not come to light in personal interviews [47] . Qualitative data analysis was broadly interpretative, as we wanted to focus on health system applications, in areas identified by the focus group attendees that would improve the quality of diabetes education. To do this, we drew on the inductive analytic approach of interpretive description [48] whose tradition is based on seeking opportunity for real world applications for health service improvement. 
RESULTS
Survey Results
Demographic Characteristics of the Survey Respondents
The sample participants had the following Table 3 .
Focus Groups
Characteristics of Focus Group Participants
These were a sub-set of the Survey participants. 
Focus Group Results
Following thematic analysis of the qualitative data, three key themes emerged that reflected the commonly shared experiences of many participants. These themes were summarized as follows: deficiencies in the pedagogy of diabetes education; knowledge deficiencies arising from the gap between theoretical diabetes education and practical reality; and the problems associated with autonomous and peer-led diabetes education and the need for more such education. Table 4 shows the hierarchy of the themes and sub-themes identified in the thematic analysis.
Deficiencies in the Pedagogy of Diabetes Education
Participants reported that there were deficiencies related to the pedagogy of diabetes education. The reported deficiencies varied by the age of the participant at diabetes diagnosis and reflected their initial experience of diabetes education. Reported deficiencies also related to the teaching methods employed by clinicians. A lack of utilization of problem-based learning and failure to encourage autonomous learning were reported. Reliance by clinicians on piecemeal diabetes educational updates rather than provision of a comprehensive re-education program was perceived by participants as a Table 5 .
Impact of Age at Initial Diabetes Education Participants' experiences of their initial diabetes education differed dependent upon their age at diabetes diagnosis. Two distinct group experiences emerged: those whose parents had primarily been educated by clinicians due to the patient's young age at diagnosis and those who had been the primary recipient of clinician-led education. Participants, whose diabetes was diagnosed at an age when their parents were responsible for their diabetes management, reported that the majority of diabetes education had been directed towards their parents rather than them. This became problematic for the participant at an age when they were required to become autonomous for their diabetes management, as the initial intensive clinicianled diabetes education provided to the parent was never repeated for the participant (Quotation 1). knowledge gaps that some participants expressed that they felt they had never been educated (Quotation 3).
Alternately participants, diagnosed at an age when they were the primary recipients of the clinician-led diabetes education, reported that the intensive nature of the initial diabetes education sessions, which occurred at the time when they were dealing with the psychological impact of their recent diagnosis, left them feeling overwhelmed. The timing of the comprehensive education was not conducive to knowledge retention and not repeated at a later stage (Quotation 4).
Diabetes Knowledge Deficiencies Not Identified in
Continuing Education Participants commented that clinician-led continuing education tended to be piecemeal without consideration being given to possible gaps in attendees' overall knowledge. For most participants, even those diagnosed in their adolescence or adulthood, a comprehensive reeducation program had never been offered. This left many participants feeling that their education was deficient overall (Quotation 5).
The two participants who had completed the DAFNE course expressed that part of the value of the course lay in the fact that it was their first exposure to a comprehensive structured education program since their initial diagnosis or ever (Quotation 6). 
Failure of Clinicians to
Refer to Comprehensive Structured Education Programs For a number of participants, the focus group interaction provided them, for the first time, with knowledge about the DAFNE course. Some participants perceived that there was not sufficient impetus on the part of clinicians to be proactive in directing their patients to ancillary education programs. Some participants reported clinician-based inertia toward encouragement for ancillary diabetes education. Participants reported that
Failure of Clinicians to Refer to New
Technologies Many participants had experienced clinician-based inertia in relation to the education around new technological advances. Participants reported that clinicians appeared to make a decision to educate patients about new technologies dependent upon whether the clinician intended to recommend those technologies in the management regimen rather than for patients' broader education. This was problematic as many participants reported that clinicians were 'technophobic' and, therefore, education related to the use of new technologies was patient instigated (Quotation 11).
The Gap Between Theoretical Diabetes SelfManagement Education and Practical Reality
Participants reported a noticeable disjuncture between their theoretical education regarding diabetes self-management: the 'textbook stuff', and the practical reality of implementing that theoretical knowledge. This disjuncture was most obvious when participants believed that they had implemented treatment regimens as agreed with clinicians, but the anticipated glycemic outcomes had not occurred. Participants questioned whether diabetes physiology was sufficiently understood such that clinicians' could anticipate predicted responses. They reported that it would be helpful for clinicians to acknowledge gaps in scientific understanding. Participants reported that they frequently encountered variable glycemic responses in relation to mixed food meals and exercise. The experienced variation in glycemic response to treatment regimens acted as a basis for the provision of inconsistent advice from multi-disciplinary clinicians. The provision of inconsistent advice was a commonly reported feature that affected participants continuing diabetes knowledge translation. Some participants were able to adapt to the provision of inconsistent advice and use it to their own advantage while for others it acted as a driver away from health service utilization. Participants reported that the disjuncture occurred most obviously when knowledge translation did not provide for flexibility to make real-world patient choices.
Relevant participant quotations for these subthemes are reported in Table 6 . reported that although they may have followed the theoretical implementation of a treatment regimen, the anticipated response was not as they had been advised would occur and might vary for any given day even when the apparent theoretical variables remained constant (Quotation 12).
Participants' experience of the disjuncture between the theoretical education and the practical reality of self-management was so commonplace that there was an underlying acceptance that there were deficiencies in the scientific understanding of diabetes (Quotation 13). However, many participants considered that there was a need for those that provided diabetes education to acknowledge that this disjuncture between theory and the lived experience existed and that the anticipated theoretical response to a regimen may not 
The impact of inflexible self-management regimen education
22 ' 'It is really difficult when the dietician says you must eat this or that. In the real world on any given day you may or may not be able to make choices so although there is a best-case scenario that you should follow, the reality is that you can't. You can only make the best possible choices in any situation. I don't think that type of information can be translated or given to someone. Table 7 .
The Value of Peer-led Learning Participants expressed the view that, as formal diabetes education did not elaborate on the disjuncture between the theoretical glycemic response and the practical reality, peer-led education had Table 7 Respondent quotations related to peer-based and autonomous diabetes education There were day-to-day issues that a number of participants reported that clinician-led education had not considered. These included dealing with the glycemic response in relation to stress or mental challenges in work or study (Quotation 26) .
Of participants who were aware of or had Our finding that knowledge gaps can eventuate suggests that young adults with T1D might benefit from the availability of a comprehensive structured education program, accessible at appropriate intervals throughout the patient journey. Studies evince the effectiveness of a variety of structured programs [40, 42, 49] [54] . It has been asserted that diabetes education is not adequate when clinician provision is determined by the desire of the patient to have to request or seek out that information [55] .
Our results indicate that there may be inherent benefits in clinician acknowledgment and discussion in diabetes education of the imperfect scientific understanding of the physiology of glycemia. Such discussion would prepare young adults with T1D for variable responses to recommended regimens. The imperfect scientific understanding of the glycemic response to a mixed food diet was established by a recent study assessing the role of glycemic load (GL) on insulinemia. GL, the best available predictor, explained less than half the predicted variability on post-prandial insulinemia. The authors concluded: ''Factors unknown and potentially more important than GL are yet to be discovered'' [56] . Clinician-led warnings might contribute to better selfmanagement practices as they would assist in minimizing patient blame for unexplained glycemic variation; increase patient trust in clinician understanding of diabetes management and provide a basis for why inconsistent advice may be provided by different clinicians in the health care team.
The provision of inconsistent and contradictory information by clinicians has been recorded elsewhere [55] .
Our results indicate that peer-led education and support is a vital component for improvement of self-management skills for young adults with T1D. Studies suggest that peer involvement in diabetes education leads to improved outcomes [57] [58] [59] . Yet most of our participants reported that they had accessed peer-education and support themselves without clinicians directing them to those resources.
Clinicians should consider an emphasis on assisting patients to establish peer education and support networks.
Gaining insight into the perspectives of young adults with T1D reveals challenges to more effective diabetes education. By addressing these challenges we would then be on the road to more patient-centered systems of care and the benefits for both patients and clinicians that such systems provide, including improved glycemic control [60, 61] , greater patient satisfaction [61, 62] , higher levels of patient well-being [62, 63] , increased patient engagement [61] [62] [63] , and more provider satisfaction [63] .
Study Limitations
A major limitation of this study was the biased sample because of recruitment by self-selection and through advertisements in diabetes-related support organizations. Eighty percent of the survey sample was female; 84% had private health insurance, and 78.7% had tertiary or higher levels of education. These are higher than national averages. As well, 34% of the sample reported their last glycated hemoglobin A1c (HbA1c) level was \7% (53 mmol/mol), whereas it has been reported that \20% of adults with diabetes in Australia maintain a HbA1c level of \7% (53 mmol/mol) [13, 14] .
Our attrition rate from all services was 2%, whereas attrition rates in Australia have been reported in this age group as high as 50% [13, 46] . The demographic and clinical characteristics of our sample indicate a bias towards patients that actively sought out and were more motivated toward further diabetes 
